1.

Introduction
Radical prostatectomy (RP) is the mainstay surgical treatment for localized prostate cancer. The aim of such surgery is to achieve oncologic control while preserving urinary continence and erectile function [1] . In the majority of patients, urinary incontinence (UI) following RP is a predictable consequence. Despite improvements in surgical techniques, the incidence of UI remains high, especially during the early postoperative period and the time to achieve continence (continence recovery) after RP, is variable. The variability in the rates of UI following RP remains one of the most significant functional complications with the potential for a negative impact on quality of life [2] [3] [4] .
The prevalence of postprostatectomy UI varies according to the definition applied [5] . Encouragingly, despite the lack of a common and consistent working definition of continence, postoperative UI typically resolves gradually with time, with reports of significant improvement occurring up to 2 yr following RP [2, 6, 7] . The mechanism for the time dependent recovery of UI is not clearly understood.
Various preoperative prognostic patient-related risk factors that affect continence recovery have been reported. The preoperative length of the membranous urethra (MUL) which is measured via T2-weighted magnetic resonance imaging (MRI) images ( Fig. 1) , is one patient-related anatomical factor that has been reported to affect continence recovery following RP. A comprehensive understanding of MUL is potentially of value to clinicians when counselling patients in clinical practice prior to surgery and when explaining a delay in continence recovery following surgery. Also, given the recent technical advances that have led to the wider application of MRI technologies for the diagnosis and staging of prostate cancer [8] , clinicians [ 
_ T D $ D I F F ] also[ 6 _ T D $ D I F F ]
have increased accessibility to obtain measurements of MUL prior to RP.
2.
Evidence acquisition
Objective
Our aim was to systematically review and meta-analyze studies reporting the prognostic value MUL measurements prior to RP for the recovery of continence.
Search strategy
We adopted the Preferred Reporting Items for Systematic Reviews and Meta-analysis [ 1 7 
_ T D $ D I F F ]
[PRISMA] guidelines for our systematic review [9] . The PubMed, EMBASE, and Scopus databases were searched for relevant articles from the inception of each database until September 22, 2015 . The systematic searches were formulated and conducted with the guidance of two health sciences librarians from the University of New England, Australia. The PubMed search strategy included a free-text protocol using the combined terms ''prostatectomy OR radical prostatectomy AND urinary incontinence AND urethral length OR urethral volume OR membranous urethra'' across the title and abstract fields of the records.
Study selection
After the removal of duplicates, two authors (SM and MP) screened all titles and abstracts independently to identify potentially relevant articles for eligibility. Full-text articles were obtained where there was insufficient information in the title or the abstract to determine eligibility. Reference lists were also manually searched to identify relevant articles not captured by the search strategies. Studies were included and excluded according to the criteria presented in Table 1 . In all cases disagreements on eligibility were resolved by consensus.
Quality assessment
The methodological quality of each study was rated using the full version Downs and Black evaluation tool [10] . The tool consists of 27 questions across five sections: study quality ([ 1 8 _ T D $ D I F F ] ten items), external validity (three items), internal validity bias (seven items), confounding selection bias (six items), and power of the study (one item) with an overall score out of a possible 30 points. The studies were 
independently scored by two authors (SM and PG) with disagreements resolved by consensus.
Data[ 2 _ T D $ D I F F ] extraction and synthesis
We used a standardized form to manually extract data relating to the: (1) the eligibility criteria, (2) 
the definition, method of assessment, and the time points used for UI assessment, and (6) the measures of the risk of continence recovery (OR and/or hazard ratio). Data were independently extracted by two authors (SM and PG) with differences resolved by consensus. Authors of the studies identified in our search were also contacted by email to provide clarification and/or additional data where necessary. Where standard deviations were not reported we used the methods described Wan et al [11] (2014) to estimate them.
Meta-analysis methods
Meta-analysis aimed to quantify the effect of MUL on either the hazard or odds of a return to continence. A DerSimonian and Laird [12] random-effects meta-analysis was undertaken to pool the hazard ratios or the ORs at each time point.
Where studies from the same institution appear to have overlapping data, the study with the largest data set was used. Sensitivity analysis was then undertaken to determine whether use of the excluded study would alter the results substantially. Finally, a multivariate meta-regression of the ORs was undertaken. The multivariate model allowed all of the available data to be included in one analysis while adjusting for studies that [ 2 0 _ T D $ D I F F ] reported results at multiple time points and studies that overlap via a random intercept for study and a random slope for time. Covariates including postoperative follow-up time, publication year, study completion year or country of study, continence definition, surgical approach, and MUL measurement methodology were explored in the multivariate meta-regression model to determine whether they explained the heterogeneity between studies. While it was of interest to perform Egger bias tests, there were too few studies to allow this [13] . [14, 16, 19, [21] [22] [23] [24] 26] . Coakley et al [26] provided their data allowing for the calculation of required hazard ratios and ORs. The patient and surgical characteristics are presented in Table 3 . The mean age reported across all studies ranged from 58.0 yr to 66.1 yr (range, 37-85 yr). A total of 1738 patients (780 RRP, 937 RARP, and 21 [ 2 9 _ T D $ D I F F ] LRP) were included in the four studies reporting the hazard ratio for the recovery of continence [20, 22, 24, 26] . For the study reporting the OR of a return to continence at 1 mo, a total of 872 patients (416 RRP and 456 RARP) were included [18] , for the studies at 3 mo 2517 patients (571 RRP, Full journal article publication in a peer-reviewed journal A definition of MUL as the distance from the prostatic apex to the entry of the urethra into the penile bulb [42] A report of the relationship between preoperative MUL and postoperative continence status MRI = magnetic resonance imaging; MUL = membranous urethral length. 
1697 RARP, and 249 
MRI equipment and MUL measurement procedures
The MRI procedures are presented in Table 4 . The MUL was measured either by urologists, radiologists, or both specialties via consensus who were blinded to the patient's clinical data. MRI examinations were performed with the patient positioned in the supine position using 1.5T or 3T MRI units acquiring T2-weighted images which were used for MUL measurements. The use of an endorectal coil was used in four studies [16, 21, 24, 26] , not used in four studies [14, 22, 23, 25] , and not reported in five studies [15, [17] [18] [19] [20] . MUL was measured in either: (1) the coronal plane in six studies [16, [19] [20] [21] 25, 26] , (2) the sagittal plane in three studies [14, 17, 22] , (3) the sagittal plane cross-referenced with the coronal plane in two studies [23, 24] , and (4) not reported in two studies [15, 18] .
MUL measurements
The MUL measurement results are presented in Table 4 . The mean MUL measurements reported across all studies range from 10.4 mm to 14.5 mm; however, individual measurements of MUL were as small as 5 mm and as large as 34.3 mm.
Definition of UI
All studies reported a definition of continence and the method of assessment used. Twelve out of the 13 studies reported similar methods for the assessment of postoperative UI via direct patient questioning and/or the use of questionnaires about the perceived degree of UI, the absence of involuntary leakage and/or the use of absorbent products including pads and/or drip collectors [14, [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] . Eight studies used pad-free status or the use of a security liner [14, 16, 18, [21] [22] [23] [24] [25] , two studies defined continence as 0-1 pad use [19, 20] , and two studies used a patient report of complete continence [17, 26] . There was only one study [15] that used a 24-h pad test to define continence with a strict definition applied (pad weight gain not exceeding a mean of 2 g/d for 3 consecutive d).
Outcomes
The outcome reported by each study (hazard of return to continence and/or odds of return to continence) is shown in Table 5 . Most studies reported ORs at one or more time points with two studies providing both hazard ratios and ORs (via correspondence with Coakley et al) [26] .
The risk of return to continence
Four studies [20, 22, 24, 26] (1738 patients) reported the hazard ratio associated with MUL and the return to continence (Fig. 3) . Each of the studies indicated that a Reported overall nerve sparing. BMI = body mass index; LRP = laparoscopic radical prostatectomy; NR = not reported; PSA = prostate-specific antigen; RARP = robot-assisted radical prostatectomy; RRP = radical retropubic prostatectomy; SD = standard deviation.
greater MUL was significantly associated with a faster return to continence. Overall, the combined hazard ratio indicated a significant positive effect of greater MUL (hazard ratio: 1.05; 95% confidence interval [CI]: 1.02-1.08, p < 0.001). There was no evidence of heterogeneity between the studies (p = 0.1241).
Return to continence at 1 mo
One study [18] (872 patients) reported the OR for the return to continence at 1 mo. This study found a significant positive effect of greater MUL on the odds of return to continence (OR: 1.16, 95% CI: 1.09-1.23, p < 0.001).
Return to continence at 3 mo
Six studies [14, 19, 21, 22, 25, 26] (2517 patients) reported ORs on return to continence at 3 mo (Fig. 4) . All but one of the six studies found a significant positive effect of a greater MUL on the odds of return to continence. Figure 4 shows the results separated by whether or not the MUL was dichotomized. For each grouping and overall, a greater MUL is associated with significantly greater odds of return to continence by 3 mo (OR: 1.08, 95% CI: 1.03-1.14, p = 0.004). Sensitivity analysis using Jeong et al [18] in place of Lee et al [25] and Lee et al [19] because of a possible overlap in patients indicated very similar pooled results (OR: 1.10, 95% CI: 1.04-1.18). There was significant heterogeneity (p = 0.0005) that is not explained by whether or not MUL length is dichotomized.
Return to continence at 6 mo
Three studies (3187 patients) reported the odds of return to continence at 6 mo [14, 16, 26] (Fig. 5) . Two of these studies, both with smaller sample sizes [14, 26] , had 95% confidence intervals that included one (ie, it was not significant); however, point estimates consistently indicated a positive effect on return to continence with a greater MUL length. The third study [16] comprises a large cohort of patients and is highly significant. Overall, pooled results show a significant positive effect of a greater MUL on the odds of return to continence at 6 m (OR: 1.12, 95% CI: 1.09-1.15, p < 0.001). 
[ ( F i g . _ 3 ) T D $ F I G ]
Six studies (4656 patients) reported a return to continence at 12 mo [15] [16] [17] [18] 23, 26] (Fig. 6) . The studies were presented by whether MUL was dichotomized for analysis. The point estimate for the odds of return to continence was large for the study in which MUL had been dichotomized [23] . The studies that have not have dichotomized MUL have smaller point estimates of the OR. Most (five out of six) of the studies [16] [17] [18] 23, 26] showed a significant positive effect of greater MUL on the odds of return to continence at 12 mo and the overall pooled OR indicated a significant positive relationship between MUL length and return to continence (OR: 1.12, 95%CI: 1.03-1.22, p = 0.006).
Subgroup analyses
Subgroup analysis was completed to determine whether the heterogeneity between studies could be related to: (1) continence definition, (2) Figs. 5 and 6 ). 
Multivariate meta-regression
All of the OR data were combined into a multivariate model using a random intercept to adjust for repeated measures by various studies and to control for studies with overlapping data [18, 19] [ 
( F i g . _ 4 ) T D $ F I G ]
used to measure MUL (p = 0.028; Table 6 ). There was one study [23] that reported the odds of return to continence using the sagittal MRI image cross-referenced with the coronal MRI image to measure MUL. This study reported significantly higher odds of return to continence than those studies reporting the MUL measurement using: (1) the sagittal MRI image alone (p = 0 .010), (2) the coronal MRI image alone (p = 0.008), or (3) studies that did not report the methodology used for MRI MUL measurement (p = 0.009).
There was no evidence of a difference in effect between the sagittal and coronal MRI methods for MUL measurement (p = 0.268). Given that only one study [23] used the sagittal plane cross-referenced with the coronal plane method, the significant difference between this study and the others should be interpreted with caution.
Conclusions
To our knowledge, this is the first systematic review and meta-analysis that has investigated preoperative MUL as a prognostic risk factor for overall continence recovery and recovery at 1 mo, 3 mo, 6 mo, and 12 mo specifically. The key finding is that a greater preoperative MUL has a significant positive effect on overall time to continence recovery (pooling the hazard ratios) and continence recovery (pooling the ORs) at 3 mo, 6 mo, and 12 mo following RP. The analyses undertaken represents a small but significant positive effect of an extra millimeter in preoperative MUL on return to continence (ie This finding is important because the variability of the reported UI outcomes has been identified as a major concern for patients and an important point of discussion that clinicians have with patients preoperatively and postoperatively. The variability in UI outcomes following prostatectomy includes both the overall continence recovery and the time-to-achieve continence. The uncertainty associated with the trajectory of the time course of recovery and the eventual outcome can potentially influence the decision to proceed with surgical management and can have a significant impact on the quality of life and psychosocial wellbeing following surgery [2] [3] [4] . The economic burden of postprostatectomy UI, including the cost of lost work productivity and associated management costs has also been reported [27] [28] [29] . Identifying patient-related factors including preoperative MUL is potentially important when counselling patients prior to and following surgery, in particular when setting expectations about the likely time course for the recovery of continence, and when discussing any delays in the recovery of continence. This systematic review supports the inclusion of preoperative MUL in these patient-centered discussions. This systematic review also supports MUL as a variable used in the development of predictive models for continence recovery after RP [16] .
The comparison of studies reporting UI outcomes is also difficult due to the lack of a standardized definition of UI, inconsistent methods of assessment, and variable time points selected for patient follow-up. In our systematic review and meta-analysis we were able to pool 12 studies that used similar, clinically accessible, and frequently used approaches to continence definition and assessment and one study that used 24-h pad testing. We were also able to group studies according to identical time points for followup patient assessments. The use of patient-reported pad use and subjective reports of UI for continence definition and assessment following RP has, however, been questioned by some authors [3, 32] The approach used to define and assess UI after RP surgery in this systematic review, however, remains clinically accessible and widely used. There was only one study that used and reported 24-h pad test data with a strict and rarely clinically applied definition [15] .
Our multivariate analysis indicates that follow-up time is not an important predictor of return to continence after adjusting for MUL; however, individual patient data analysis would help to better indicate the time course of 
rhabdoshpincter may also be optimized with a greater membranous urethral length incorporating a greater volume of muscle for training, further improving postoperative continence outcomes
The importance of MUL has also been identified with modifications to and development of surgical techniques designed to improve continence outcomes after RP [39] [40] [41] . Many of these developments and modifications have centered on the preservation of the MUL and improved periurethral suspension for the protection and maintenance of the native continence system. A longer preoperative MUL may maximize the potential of these modifications to preserve the integrity and optimal functioning of the continence mechanism that is associated with the MUL. The preservation of MUL may, however, be limited by disease-related factors in order to achieve oncologic control.
The accessibility to acquire preoperative MUL measurements in clinical practice is greater with the wider application of preoperative MRI technologies for the diagnosis and staging of prostate cancer [8] . Standard multi-parametric MRI prostate imaging also includes the routine capturing of T2-weighted coronal and sagittal images. These T2-weighted images provide clinicians with the opportunity to obtain preoperative measurements of MUL as an inclusion to standard multi-parametric MRI radiological reporting procedures. Traditionally preoperative prostate MRI imaging has been undertaken using a 1. Despite a comprehensive search strategy and a rigorous approach to the study selection, the omission of relevant studies may have been possible. The inclusion of only English language manuscripts may also have excluded some relevant studies. The conclusions and recommendations contained within this review are based upon the synthesis and evaluation of [ 2 6 _ T D $ D I F F ] twelve studies that have relied on patients reporting the degree of UI and pad usage for the assessment of postoperative UI and one study that used a 24-h pad test.
In conclusion, the preoperative measurement of MUL via MRI is recommended prior to RP to predict the recovery of UI after surgery or to explain a delay in achieving continence after surgery.
Author contributions: Sean F. Mungovan and Petra L. Graham had full access to all the data in the study and take full responsibility for the integrity of the data and the accuracy of the data analysis. 
